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SUPPLEMENTARY NOTES
ABSTRACT
The objective of this research was to develop 1) direct-bandgap Sn-based group-IV material with very low defect densities and 2) a new type of Sn-based group-IV light-emitting diode (LED) structure. Optimization of traditional and hetero-P-i-N structures designed and grown on Ge-buffer Si (001) wafers using molecular beam epitaxy (MBE) with low-temperature growth techniques resulted in thick GeSn films with a defect densities of ~10 5 /cm 2 , which are believed to be the lowest reported in the literature. A new type of planar strip LED was fabricated that exhibits better performance than conventional vertical LEDs, can be integrated with most planar electronic devices, and can also function as an optical cavity. The objective of this research was to develop 1) direct-bandgap Sn-based group-IV material with very low defect densities and 2) a new type of Sn-based group-IV light-emitting diode (LED) structure. Optimization of traditional and hetero-P-i-N structures designed and grown on Ge-buffer Si (001) wafers using molecular beam epitaxy (MBE) with low-temperature growth techniques resulted in thick GeSn films with a defect densities of ~105/cm2, which are believed to be the lowest reported in the literature. A new type of planar strip LED was fabricated that exhibits better performance than conventional vertical LEDs, can be integrated with most planar electronic devices, and can also function as an optical cavity. After the designing and optimization of the P-i-N diode which is grown on Ge-buffer Si wafer, we like to point out that, part of the defects in the active GeSn layer is originated from the "extension" of the threading dislocations generated at Ge/Si interface as shown by Here, a new type of LED, the planar LED, is proposed and demonstrated. A schematic G G Ge e e t t t r r ra a a c c ce e e G G Ge e eS S S n n n t t t r r ra a a c c ce e e
Figure. plot of the planar LED is shown in Fig. 3(a) . The structure consists of a undoped GeSn layer grown on Ge wafer. The sample is processed as a long strip using standard technique.
Ion implantation is employed to fabricate n-and p-type GeSn at two ends of the strip for electrical contact. (The P-i-N lies in the plane of the Ge wafer.) By applying external voltage, instead of emitting light from the surface of the sample, the planar LED emits the light from the side of the strip (light parallel to the surface cf fig. 3(a) ). Planar structures with different dimensions have been fabricated. Fig. 2(b) shows a typical emission spectrum operated at moderated applied voltage. (This is demonstrated for the first time in the literature and we are writing up a paper.) The electro-luminescence peak energy locates at mid-infrared region of ~ 0.6 eV corresponding to direct optical transition originated from the GeSn layer. Theoretical simulation on the optical properties is under investigated.
We like to point out that, the planar LED has the following advantages over the vertical LED: (a) As the length of the strip can be much greater than the thickness of the layer, the emission strength of the LED would be greater, resulting in a greater emission intensity as compared to the vertical LED. (b) The strip also functions as an optical cavity. (c) The structure can be integrated with most planar electronic devices, which is required for the integration of optoelectronic applications. With those advantages described above, in the next stage, we move to the laser structure which is desired in various applications.
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